Background: Lumbar disc herniation into the dural space is a very rare phenomenon of degenerative lumbar lesions in the elderly population, and its potential pathogenesis and natural course remain unclear. Case description: We describe a rare case of intradural lumbar disc herniation. A 68-yearold man presented with progressive lower back pain and radiating pain and numbness in both legs for 3 years. Magnetic resonance imaging revealed a large herniated disc at L4-L5. Posterior discectomy and fusion of the L4-L5 was performed after conservative treatment failed. Intraoperatively, only minimal disc fragments in the epidural space were found after meticulous probing following laminectomy of the L4-L5 vertebrae. The dorsal dura mater was saturated, tense, and bulged at the L4-L5 levels; additionally, an intradural mass was palpable and confirmed by intraoperative ultrasonography. Subsequently, dorsal middle durotomy was performed. Upon opening the dural sac, a large cauliflower-like mass similar to nucleus pulposus tissue was found near the arachnoid membrane. The mass was dissociative and could be completely resected. The dorsal dural incisions were closed after careful exploration, followed by fixation and fusion of the L4-L5 levels. Pathological examination revealed disc tissue with central balloon-type cystic degenerative changes. The patient's lower back pain and radiating pain and numbness of both legs improved remarkably postoperatively, and he became asymptomatic at 3 months postoperatively. Conclusion: Intradural lumbar disc herniation should be highly suspected when intraoperative findings are incompatible with findings from the preoperative imaging examination, and it could be further confirmed via intraoperative ultrasonography and pathological examination of the resected tissue from the dural space. Prompt surgery is recommended, and surgical results are usually favorable. We also reviewed the literature and discussed the potential pathogenesis, natural course, diagnosis, and treatment of intradural lumbar disc herniation.
Introduction
With the growing aging population, more degenerative diseases of the lumbar spine are occurring, among which lumbar disc herniation is the most common.
1,2 Lumbar disc herniation refers to a disease in which the nucleus pulposus breaks through the weak region of the annulus fibrosus and compresses the nerve roots, causing a series of symptoms. Clinically, most herniated nucleus pulposi are located epidurally, outside or under the posterior longitudinal ligament. Intradural disc herniation (IDDH), when the nucleus pulposus penetrates the posterior longitudinal ligament (PLL) and the anterior wall of the dura and migrates intrathecally, 3 is very uncommon and accounts for only 0.04-0.33% of all lumbar disc herniations. 4, 5 The pathogenesis and natural course of IDDH remain unclear. In this case study, we describe a patient with lumbar IDDH and review the literature to explore its potential pathogenesis, natural course, diagnosis, and treatment.
Case Description
A 68-year-old man presented with progressive lower back pain and radiating pain and numbness in both legs for the past 3 years. He did not have symptoms or signs of infectious disease on admission. On physical examination, he showed hypesthesia in the L5 dermatome bilaterally. His muscle strength was normal in both legs. The straight-leg raising sign was positive bilaterally. Radiographs showed a significantly reduced height of the L5-S1 intervertebral space, which was associated with extensive osteophytes localized anteriorly, posteriorly, and laterally on the L5 and S1 vertebral bodies ( Figure 1 ). T2-weighted magnetic resonance imaging (MRI) revealed a large mediolateral herniated disc at L4-L5, resulting in severe spinal stenosis ( Figure 2 ). After conservative treatment failed, posterior discectomy and fusion of the L4-L5 was scheduled. Intraoperatively, only minimal disc fragments in the epidural space were found after meticulous probing following laminectomy of the L4-L5 vertebrae, and these findings were incompatible with those from the preoperative imaging examination. Additionally, a ruptured PLL and an old tear of the ventral dura were detected. The dorsal dura mater was saturated, tense, and bulged at the L4-L5 levels; moreover, an intradural mass was palpable and confirmed by intraoperative ultrasonography. We thought that the remaining disc fragments could be located in the dura, so we performed dorsal middle durotomy. Upon opening the dural sac, a large cauliflower-like mass similar to nucleus pulposus tissue was found near the arachnoid membrane ( Figure 3 ). The mass was dissociative and could be completely resected. The dorsal dura incision was then closed carefully. Then we removed unilateral articular process joints of L4-L5 to expose and resect the residual L4-L5 disc tissue to avoid L4-L5 disc reherniation, followed by fixation and fusion at the L4-L5 levels to reconstruct the stability of the L4-L5 level ( Figure 4) . 1, 2 The pathological examination revealed disc tissue with central balloon-type cystic degenerative changes ( Figure 5 ). The patient's lower back pain and radiating pain and numbness of both legs improved remarkably postoperatively, and he was asymptomatic at 3 months postoperatively.
Discussion
As a unique complication of relatively frequent spinal degenerative processes in the elderly population, IDDH has been rarely reported since it was first reported in 1942. 6 It occurs more commonly in elderly patients, in which the maximum age of patients is 90 years. 7 Men account for more than 70% of cases; 8 92% of cases of IDDH occur in the lumbar spine, 5% in the thoracic spine, and only 3% in the cervical spine.
9
The L4-L5 intervertebral disc region is the most frequently involved segment in lumbar IDDH, 10 which could be attributed to the following three reasons. First, anatomically, the dura mater of the L4-L5 levels is the closest to the PLL. 4 Second, L4-L5 intervertebral discs are under the greatest pressure biomechanically. 11 Third, as the most common segment of lumbar disc herniation, the L4-L5 levels are often associated with annulus fibrosus rupture. 12 The aforementioned reasons facilitate disc fragments that penetrate the PLL and dural sac. In the present case, IDDH occurred at the L4-L5 levels, which may be related to the above-mentioned reasons.
The pathogenesis and natural course of IDDH is still unclear. 13 Several hypotheses have been used to explain it.
One assumption is the "acute pressure" hypothesis. Sharma et al believed that when the spine suddenly bears external force or when the patient sneezes, the pressure in the intervertebral disc increases sharply. When associated with ruptured annulus fibrosus, the nucleus pulposus may break through the annulus fibrosus, PLL, and dura mater and cause IDDH. Another theory is the "chronic compression" hypothesis. 3 Lee and Fairholm thought that long-term mechanical compression of structures, such as intervertebral discs and osteophytes, could make the dura mater thinner and fragile, facilitating penetration of the dural sac by the nucleus pulposus. 14 Besides, the "adhesions" hypothesis is advocated by some researchers. They thought that ventral dural adhesions to the PLL likely play an important role in IDDH.
8,15,16
The ventral dura and PLL are usually loosely connected, but some risk factors, such as disc herniation, surgical history, and chronic inflammation, can lead to close adhesion among them. Adherent dura becomes thinner under local compression or chronic inflammation and eventually ruptures. In the present case, preoperative disc herniation at the L4-L5 levels, a ruptured PLL, an old ventral tear detected intraoperatively, and the more than 3 years of pain make us prefer the "chronic compression" and "adhesions" hypotheses rather than the "acute" hypothesis in terms of the pathogenesis and natural course of IDDH. In terms of the preoperative diagnosis of IDDH, the clinical manifestation of patients and preoperative imaging including radiographs and computed tomography often lack specificity. Patients often present with low back pain and radiating leg pain, similar to lumbar degenerative disease in the elderly population. Preoperative imaging often shows lumbar disc herniation or lumbar spinal stenosis. It is difficult to make an exact diagnosis of IDDH preoperatively by relying on only patient performance and the imaging examination. 17, 18 Wasserstrom et al. reported that IDDH may mimic an intradural tumor; 19 however, the following MRI findings can distinguish it from the latter: location close to intervertebral disc disease, whorl-like mixed intensity on T2-weighted MRI, poor visualization on T1-weighted MRI, and marked ring enhancement following the administration of gadolinium. 12 IDDH could enhance MRI because it was surrounded by vascular tissue rich in blood vessels, which was considered to be the most specific imaging finding. 19 However, IDDH is difficult and seldom suspected preoperatively; thus, there is little opportunity to observe the most specific imaging finding preoperatively, as enhanced MRI is not performed routinely for lumbar degenerative disease.
Probing of the dural sac should be performed intraoperatively if intraoperative findings do not match the preoperative imaging results. The color and toughness of the dura mater should be carefully observed and palpated. Foreign bodies in the dura mater can also be detected by intraoperative ultrasonography. Once IDDH is highly suspected, durotomy must be performed. The pathological examination of the resected tissue in the dural space is the gold standard for diagnosing IDDH.
At present, most surgeons tend to operate as early as possible, and almost all studies emphasize the necessity of early surgery. 4, 5, 8, 17 Koc et al considered that prompt surgery was necessary because neurologic prognosis appeared to be closely linked to the preoperative duration of neurologic symptoms. 8 Montalvo et al advocated early surgical treatment as the standard management of IDDH because of the high incidence of cauda equina syndrome. 18 Borota et al reported a case of spontaneous resorption of intradural disc fragments. 15 However, we thought the intradural mass could not be the disc fragments for sure, just depending on MRI in his study. Besides, the patient in his study eventually received the decompression surgery. Thus, despite the significant preoperative neurological deficits, prompt operative treatment of intradural lumbar disc herniation is highly advocated, and its prognosis following surgery is usually favorable.
Conclusions
It is difficult to make a preoperative diagnosis of IDDH. Therefore, IDDH should be highly suspected and the dural sac should be inspected when intraoperative findings are incompatible with results of the preoperative imaging examination. Prompt decompression surgery is highly recommended, and the surgical results are usually favorable.
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